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FOREWORD 

This  report  of  a  test  performed  on  the  KC-10A  cargo  system  mock-up  is  sub¬ 
mitted  in  accordance  with  Data  Item  number  DI-T-371G/'f  (Sequence  No.  A02D) 
under  USAF  contract  number  F33700-78-C-Q001  for  the  KC-10  program.  The 
test  was  conducted  on  June  18,  19  and  20,  1979,  at  Long  Beach,  Calif.,  by 
the  Douglas  Aircraft  Co.,  McDonnell  Douglas  Corp.,  3855  Lakewood  Blvd., 
Long  Beach,  Calif.  90846. 

Three  USAF  personnel  witnessed  the  first  2  days  of  testing  and  two  of  them 
remained  for  the  final  1/2  day.  On  June  18  and  19,  the  following  were 
present: 

Capt.  Robt.  I.  Marx,  ASD/YTT  Fit  Test  MGr.,  KC-10 
SMSgt.  Willie  J.  Lorenz,  AFALD/YT/MACSO  Loadnaster 
SMSgt.  Steve  K.  Johnson,  AFTEC/TEZ  Loadmaster 

One  June  20,  Capt.  Marx  and  Sgt.  Lorenz  were  present. 
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ABSTRACT 

I 

- 

A  test  was  conducted  on  the  KC-10A  Cargo  Handling  System  Mock-tJp  to  evaluate 
the  performance  of  the  current  design  of  the  powered  roller  system. 

The  test  consisted  of  running  a  total  of  246  load/unload  cycles  with  various 
weights  loaded  on  the  pallets.  Of  these  load/unload  cycles,  135  were  single 
'1CU-6/E  pallets  and  the  remaining  111  were  coupled  HCU-6/E  pallets  (2  in 
train).  These  cycles  simulate  over  2  years  of  KC-10A  palletized  cargo 
operations. 

The  powered  roller  system  functioned  very  well  for  the  entire  snectrun  of 
loads.  Single  and  coupled  pallets  were  loaded  laterally  or  rotated  in  the 
doorway  easily.  This  test  demonstrated  that  the  system  meets  or  exceeds  its 
design  requirements. 
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1.0  INTRODUCTION 

The  main  cabin  cargo  handling  system  consists  (In-part)  of  a  powered 
roller  system,  which  provides  lateral  on-loading/off loading  of  cargo 
and  capability  for  rotating  over-length  cargo  through  the  cargo  door¬ 
way. 

Paragraph  1 051 BH  of  the  Statement  of  Work  (SOW),  dated  30  September 
1977,  states  that:  "Tests  shall  be  Initiated  on  the  cargo  loading 
system  mock-up  to  evaluate  control  system  operation  and  system  capa¬ 
bility  to  rotate  overlength  loads  and  to  move  coupled  pallets". 

A  cargo  loading  system  mock-up  was  built  as  a  development  tool  to  de¬ 
monstrate  the  ability  of  the  powered  rollers  to  move  and  rotate  single 
and  coupled  pallets;  the  electrical  circuitry  of  the  system;  and  to 
develop  operation  techniques  for  training  and  cargo  loading  manual  In¬ 
puts. 

Through  the  development  phase,  the  cargo  loading  system  mock-up  was 
modified  and  changed  to  Insure  that  the  best  combination  of  designs 
were  evaluated. 

1.1  TEST  OBJECTIVE 

The  primary  objective  of  this  test  was  to  evaluate  the  performance 
of  the  current  design  of  the  powered  roller  system.  The  test  plan 
was  derived  using  the  Mission  Profiles  of  Appendix  II  of  the  SOW  to 
simulate  real  life  conditions.  The  secondary  objective  of  this  test 
was  to  evaluate  the  effect  of  reorientation  of  two  powered  rollers  as 
outlined  In  Review  Item  (RI)  C101  submitted  by  USAF  during  the  Furnish¬ 
ings  and  Equipment  Critical  Design  Review  (CDR)  on  14  March  1979. 

1.2  DESCRIPTION  OF  CARGO  HANDLING  SYSTEM  MOCK-UP 

The  KC-10  Cargo  System  Mock-up  used  In  this  test/demonstration  Is 
shown  In  Figure  1  and  by  two  overview  photographs.  Figures  2  and  3. 
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The  nock-up  consists  of  simulated  loader  and  the  KC-10A  cargo 

handling  system  from  fuselage  stations  625  to  960  (approximately) . 

Details  of  the  mock-up  include: 

1)  Loader  Simulation 

To  simulate  the  bed  of  a  USAF  40K  loader,  cylindrical  rollers 

were  used  adjacent  to  the  aircraft  door  and  the  guide  rails 

were  spaced  at  108.5  inches.  The  guide  rails  were  flared  open 

at  the  end  as  on  the  40K  loader. 

2)  Airplane  Simulation 

a)  The  cargo  door  sill  conveyor  assembly  was  simulated  by  a 
row  of  cylindrical  rollers  and  an  aft  door  jamb  protector 
bracket  (production  part).  These  items  were  installed  at 
the  doorway  area. 

b)  Production  omni-directional  rollers  were  mounted  on  plywood 
simulating  the  KC-10A  omni-directional  conveyor  assemblies. 

c)  Eight  powered  rollers  were  installed  in  cutouts  in  the  ply¬ 
wood.  Locations  are  identical  to  the  KC-10A  system.  The 
roller  assemblies  had  prior  usage  during  the  development 
phase  of  the  mock-up,  but  each  roller  shell  had  new  tread 
on  it  for  this  test/demonstration.  In  Figure  4,  the  new 
tread  can  be  seen  as  well  as  the  aliminum  alloy  rings  on 
the  ends  of  the  roller.  The  end  rings  are  a  production 
change  which  has  been  made  to  protect  the  tread  from  gouging 
by  the  latch  detends  on  the  edges  of  the  HCU-6/E  cargo 
pallets. 

d)  The  left-hand  guide  rail  was  positioned  at  X  =  +108.69, 
simulating  the  27  pallet  arrangement. 

e)  The  right-hand  guide  rail  was  positioned  at  X  «  -88.69.  The 
guide  rail  has  notches  cut  in  it  to  simulate  the  individual 
segments  of  rails  located  in  the  omni-directional  area  of 
the  KC-10A  cargo  handling  system  (Refer  to  Figure  3). 

f)  A  production  type  pendant  control  was  used  for  this  test/de¬ 
monstration.  The  pendant  is  located  at  the  forward  edge 

of  the  simulated  cargo  door  area. 
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1.3  DESCRIPTION  OF  TEST  ARTICLES 

Two  HCU-6/E  cargo  pallets  manufactured  by  the  Brownline  Division  of 
Brooks  and  Perkins.  Inc.  were  used  for  the  test.  "Flight  test" 
weights  were  loaded  on  the  HCU-6/E  pallets  to  simulate  the  various 
weights  of  pallets. 

A  Douglas  design  pallet  coupler  was  used  to  couple  the  HCU-6/E 
pallets  together.  This  coupler  is  described  in  Paragraph  3.0  of 
this  report. 

1.4  CARGO  SYSTEM  MOCK-UP  TEST  PLAN 

A  test  plan,  based  on  the  following,  was  developed  to  evaluate  the 
performance  of  the  powered  roller  system. 

Mission  profiles  discussed  In  Appendix  II  of  the  SOW  were  used  to 
determine  the  nunber  and  character  of  single  and  coupled  pallet  loads 
that  would  be  carried  aboard  the  KC-10A  during  Its  20  year  life  span. 
This  pallet  study  Is  found  In  Appendix  C. 

The  equlvelent  of  two  years  of  service  was  considered  sufficient  to 
evaluate  the  powered  roller  system. 

A  total  of  246  load/unload  cycles  were  run,  with  pallets  weight  be¬ 
tween  2000  and  10,000  pounds.  A  load  cycle  Is  defined  as  the  move¬ 
ment  of  a  pallet  load  from  the  "loader"  into  the  "airplane"  and 
back  out  to  the  "loader".  The  first  236  cycles  simulated  the  2 
years  of  projected  KC-10  service  and  the  remaining  10  cycles  were 
run  with  powered  rollers  numbers  4  and  5  rotated  90°  clockwise  to 
evaluate  the  effects  this  arrangement  would  have  on  pallet  handling 
capabilities  (Reference  RI  Cl 01 ) . 

The  following  chart  lists  the  sequence  of  events  In  the  mock-up 
test/demonstration . 
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SEQUENCE  OF  ACTIVITY  -  CARGO  SYSTEM  MOCK-UP  TEST 

TEST 

RUN 

PALLET 

CONFIG. 

PALLET  LOAD 
1000'S  LB. 

PALLET  EXCURSION* 

CYCLES** 

1 

Single 

5 

To  RS 

45 

2 

Single 

10 

To  RS 

5 

3 

Single 

5 

To  LS 

45 

4 

Single 

10 

To  LS 

5 

5 

Single 

5 

Rotate  To  LS 

20 

6 

Single 

10 

Rotate  To  LS 

5 

7 

Coupled 
108"  Side 

6/6 

To  RS 

10 

8 

Coupled 
108"  Side 

2/2 

To  RS 

75 

9 

Coupled 
108"  Side 

2/4 

Rotate  To  LS 

10 

10 

Coupled 

88"  Side 

2/4 

Rotate  To  RS 

10 

11 

Coupled 
108"  Side 

4/6 

Rotate  To  LS 

3 

12 

Coupled 

88"  Side 

4/6 

Rotate  To  LS 

3 

SUBTOTAL 

236 

FOR  RUNS  13-21,  POWERED  ROLLERS  4  &  5  WERE 
ROTATED  90®  CLOCKWISE  (REF.  FIG'S.  21  &  22). 

13 

Coupled 

88"  Side 

4/4.2 

Rotate  To  RS 

1 

14 

Coupled 
108"  Side 

4/4.2 

Rotate  To  LS 

1 

15 

Coupled 
108"  Side 

4/4.2 

To  RS 

1 

16 

Single 

5 

To  RS 

1 

17 

f  -gle 

5 

To  LS 

2 

18 

S>  }1e 

5 

Rotate  To  LS 

1 

19 

Single 

5 

To  RS 

1 

20 

Single 

10 

To  RS 

1 

21 

Single 

10 

Rotate  To  LS 

_1 _ 

TOTAL 

246 

*  RS  ■  Right  side  channel  of  pallets  In  airplane; 
LS  ■  Left  side. 


**  One  cycle  Is  movement  of  pallet  from  loader  Into  airplane 
and  back  out  to  loader. 
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2.0  SINGLE  PALLET  OPERATION 

A  total  of  125  load  cycles  was  run  with  single  pallets  having  loads  of 
5000  or  10,000  lb.,  100  cycles  belnq  straight  lateral  translations, 
simulating  loading  into  a  25  pallet  all-carqo  configuration  as  shown 
in  Figure  5jand  25  load  cycles  were  rotated  on  entry  and  exit  simu¬ 
lating  loading  the  left-hand  side  of  a  27  pallet  all-cargo  configura¬ 
tion. 

After  the  first  10  cycles,  a  cut  apporximately  0.6  in.  long  appeared 
on  the  tread  of  one  roller  (see  Figure  6)  but  it  did  not  increase 
during  the  remainder  of  the  entire  test. 

Figure  7  shows  a  chip  in  the  tread  of  roller  No.  5  that  was  discovered 
after  the  first  48  cycles,  the  last  3  cycles  at  a  10,000-lb.  load. 
Fiaure  8  shows  that  a  pallet  being  offloaded  may  not  be  misaligned  or 
It  won't  enter  the  loader's  guide  rails  easily.  In  Figure  9,  a  pallet 
is  In  the  process  of  rotation,  and  Figure  10,  a  chamfer  on  the  end 
ring  of  a  roller  occured  when  the  edge  of  a  pallet  was  positioned  on 
the  edce  of  the  roller.  In  Figure  11,  a  pallet  was  positioned  so 
that  one  of  its  latch  detents  was  against  the  door  jamb  protector 
bracket  to  determine  if  a  hook-up  would  occur.  The  remedy  for  this 
condition  is  to  pull  the  pallet  away  from  the  bracket  by  use  of  the 
powered  rollers. 

After  122  load  cycles.  It  was  noticed  that  roller  No.  4  would  not 
raise  up  when  energized  to  drive  toward  the  right  side.  The  frame 
of  the  roller  was  bent  (Figure  14)  so  that  the  erection  mechanism 
was  misaligned.  The  problem  was  corrected  by  replacing  the  frame. 
Simultaneously  It  was  noticed  that  roller  No's  4,  5  and  2  were  missing 
one  bolt  each  in  the  attachment  pattern  to  their  metal  mounting  plates, 
and  at  all  8  powered  rollers  many  of  the  wood  screws  attaching  the 
mounting  plates  to  the  wooden  flooring  were  loose  or  missing.  The 
omission  of  bolts  and  wood  screws  can  be  seen  in  Fiqure  4,  f,  and  7 
and  is  traceable  to  modifications  made  during  prior  development  work 
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done  on  the  mock-up.  All  missing  attachments  v/ere  Installed*  and  no 
further  difficulties  were  experienced  with  roller  operations. 

Basically,  the  powered  roller  system  performed  this  portion  of  the 
test  well  in  moving  the  single  pallet  laterally  in  the  aircraft  or 
rotating  in  the  doorway  area. 
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3.0  COUPLED  PALLET  OPERATION 

A  total  of  111  load  cycles  was  run  with  coupled  pallets  having  total 
loads  of  4000  to  12,000  lb.  for  the  pair  of  pallets.  The  first  85 
load  cycles  were  straight  lateral  translations  into  the  airplane,  and 
the  last  26  were  rotated  on  entry  and  exit.  The  pallets  that  were 
^  rotated  were  coupled  on  either  the  08  inch  or  108  inch  dimension. 

Figure  12  shows  coupled  pallets  being  loaded  and  Figure  13  is  a  close- 
up  of  the  pallet  coupler.  This  coupler  provides  a  l-1nch  space  be¬ 
tween  pallets  as  is  standard  In  the  KC-10A  Cargo  Handling  System. 

Two  couplers  are  required  to  couple  tv/o  pallets.  No  loose  parts  or 
tools  are  required  for  attachment  of  the  couplers.  In  Figure  15,  a 
pair  of  coupled  pallets  has  been  rotated  to  the  right  side  channel  In 
the  airplane. 

In  Figure  16,  some  scuffing  on  the  end  ring  of  roller  No.  5  is  seen, 
and  the  tread  chip  first  shown  in  Figure  7  is  enlarged  to  approximately 
0.7  In.  long,  0.5  In  wide,  and  0.15  deep  at  the  deepest  point.  This 
was  observed  after  230  load  cycles  including  20  cycles  rotating  coupled 
pallets  and  25  cycles  rotating  single  pallets. 

Figures  17,  18,  19,  20  are  views  of  all  the  powered  rollers,  taken 
In  pairs,  showing  the  condition  of  the  rollers  at  the  completion  of 
236  load  cycles. 

The  powered  roller  system  performed  this  portion  of  the  test  very  well. 
Lateral  movement  of  coupled  pallets  was  accomplished  easily  and  the 
rotation  was  positive. 
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4.0  OPERATION  WITH  TWO  POWERED  ROLLERS  ROTATED  90°  (RI  C1D1) 

Powered  roller  No's  4  and  5  were  rotated  90°  clockwise  to  a  longitud¬ 
inal  drive  fixed  position  In  order  to  evaluate  the  ^unction  of  the 
roller  system  In  this  configuration,  refer  to  RI  C101  generated  during 
the  Furnishing  and  Equipment  CDR.  Figure  21  shows  this  arrangement 
and  Figure  22  is  an  overview  phot?. 

In  general,  this  arrangement  produced  a  corsideratle  amount  of  un¬ 
wanted  pallet  rotation,  especially  on  slnqle  pallets  moving  toward  the 
airplane  door  from  the  airplane's  right  side.  A  5000-lb.  pallet  ro¬ 
tated  approximately  30°  on  entry  toward  the  right  side  and  75°  on 
exit.  A  10,000-lb.  pallet  rotated  approximately  20°  on  entry,  and  on 
exit  was  rotated  45°  by  the  time  It  got  to  the  airplane  centerline 
(similar  to  Figure  24).  Since  86%  of  the  anticipated  pallet  loads  in 
KC-10A  operations  do  not  require  rotation,  the  unwanted  pallet  rota¬ 
tion  associated  with  this  mixed  arrangement  Is  very  undesireable. 
Rotating  single  or  coupled  pallets  to  the  left  side  worked  quite  well 
except  for  final  adjustments.  Figure  23  shows  a  pallet  position  on 
the  left  side  with  no  more  alignment  by  powered  rollers  possible. 

In  this  arrangement  the  operator  must  handle  more  complex  switching 
operations  in  rotating  pallets  because  he  must  handle  power  controls 
In  4  directions  Instread  of  2. 

Aft  translation  produced  by  rollers  4  and  5  v/as  an  assist,  although 
It  did  tend  to  produce  some  rotation  because  the  point  at  which  power 
Is  applied  Is  eccentric  to  the  pallet. 
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5.0  SUMMARY  AUO  CONCLUSIONS 

The  basic  powered  roller  system  design  performed  very  well  for  the 
entire  spectrum  of  loads.  Lateral  onloading/off loading  of  single  and 
coupled  pallets  were  accomplished  easily  and  effectively.  Rotation 
of  single  and  coupled  pallets  was  positive  and  easy  to  control.  The 
operator's  pendant  control  techniques  were  easily  learned  and  applied. 
This  test  demonstrated  that  the  powered  roller  system  meets  or  ex¬ 
ceeds  its  design  requirements. 

Wear,  tear,  or  tread  gouging  on  the  powered  rollers  was  not  sufficient 
to  be  considered  disabling  damage.  All  rollers  were  functioning  nor¬ 
mally  at  the  completion  of  testing.  The  bent  frame  on  roller  Mo.  4 
(causing  a  50*  loss  of  function)  was  traceable  to  loose  attachment  of 
the  rollers  to  the  mock-up  flooring. 

Roller  tread  wear  was  negligible,  measuring  .000  to  .020  in.  on  the 
radius,  considering  that  the  testing  simulated  2  years  of  KC-10A 
palletized  cargo  operation. 

In  addition,  this  test  demonstrated  that  rotating  two  rollers  90°,  as 
Indicated  In  RI  Cl 01 »  created  unwanted  pallet  rotation  when  moving 
pallets  In/out  of  the  aircraft  and  complicated  the  operator's  control 
procedures. 

During  the  development  phase  concern  was  expressed  about  the  wear  on 
the  bottom  surface  of  the  HCU-6/E  pallets  when  rotating  through  the 
cargo  door.  Upon  the  completion  of  this  test,  photographs  were  taken 
of  the  bottom  surface  of  one  of  the  pallets  and  a  close-up  of  one 
comer,  see  Figures  25  and  26.  The  photographs  show  that  there  are 
nunerous  marks  and  small  Indentations  over  the  bottom  surface,  but  no 
serious  damage.  The  other  pallet  used  in  the  test  looked  the  same. 

These  HCU-6/E  pallets  have  been  at  the  Long  Beach  facility  for  approx¬ 
imately  eight  years.  They  were  first  used  on  the  DC-3  Power  Pack 
Shuttle  mock-up,  through  the  development  phase  of  the  KC-10A  mock-up, 
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and  then  for  the  2-year  simulated  KC-10A  palletized  carcio  operation. 

There  is  one  area  that  should  be  noted.  During  this  test  a  sharp 
edge  was  found  on  the  lower  corner  of  the  pallet  latch  detents,  as 
seen  In  Figure  13.  This  edge  condition  may  have  been  produced  by 
displacing  and  cold  working  the  material  during  pallet  movements  on 
various  mock-up  operations,  and  may  be  the  cause  of  roller  tread 
damage  and  end  ring  wear  that  occured  during  the  early  testing. 
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FIGURE  26.  CORNER  AREA  -  PALLET  BOTTOM  SURFACE  AFTER  COMPLETE  TEST 


flDC  J8213 


MCO 


APPENDIX  B 
WORKSHEETS  OF  CARGO 
MOCK-UP  TEST 


|L4«  COff^OWATfi 

B-l 


KSKET 

90-I09V  ( 9*49  > 

/uMe  is/ ??): 


KC-lc  CAr.C*  ZyC 
tf'Z*K’Or  ft  IT 


MDC  J"21 1 


~  )  &F  2>~ 


7~--r 

'  f\ur ) 


fA'Ctr 
Oc/iFtG  . 


S'roo 


Cycles 


AC VNC.  T/a< 


e3. 


r  p*if£ 


S>  AJG<?£ 

/CtCOO 

si/Jcaz- 

S&  a° 

n 

/CC  oo 

S' 

mi 

-Sfc00 

/» 

/e  e>*e> 

-T 

iVr©  p 


T  fl  CV 


^ro- 


*r< 


^  ^  £Vu?ltD 


(Ju»e  (i  y?) 


8  t.z  Cruft  to  I  ^%^oo|  7^ 


t/icf  D, 


CcufLEp  \cA  10$"  ZV&B .  AJb  fLoTXTfotJ. 


Goal  \TfJCKlNt.  VE.iY  LI7TL& 


CftUPlE^ 


CcOPL£6 


CoOfdFP 


C*uf£ED 


RoLURS. 


£f(S7  Poi , 


CoUPtCP  eV  /©<? 


boi)  PLC-P 


WtMSMEET  K£-l&  CAHC>&  CyS 

(VuN&  2-°/  7f)  /-iC.K-OP  It. 7 

£n<-£KS  t  i  ^  l\cTA7fQ  9o° 


MDC  JC213 


V  Of  ^ 


MDC  J821 3 


APPENDIX  C 
KC-10A  PALLET  STUDY 


MCO 


c 


•#< 


C-1 


MDC  J8213 


KC-10A  PALLET  STUDY 


1.0  PROBLEM 

Determine  a  spectrum  of  pallet  loads  single  and  coupled,  that  are  likely  to 
be  carried  aboard  the  KC-10A  during  It's  20  year  life  span.  These  data  will 
be  utilized  for  the  testing  of  the  Cargo  Loading  Modkup.  The  objective  is 
to  simulate  representative  cargo  operations  on  the  Cargo  Loading  Mockup  to 
evaluate  wear  on  the  powered  rollers. 

2.0  STUDY  APPROACH 

The  primary  mission  of  the  KC-10A  is  as  a  tanker  aircraft.  The  accommoda¬ 
tion  for  cargo  is  considered  secondary  but  an  important  role. 

To  determine  the  nunber  and  character  of  single  and  coupled  pallet  loads 
carried  during  the  KC-1QA  life  time,  the  following  must  be  known: 

1.  Type  of  cargo  mission  to  be  flown. 

2.  Number  of  cargo  missions  by  type  of  mission  over  the  20  year  life 
span. 

3.  Type  of  cargo  carried  on  these  missions. 

4.  Determine  from  the  type  of  cargo  the  nunber  of  single  and  coupled 
pallets  required  for  airlift. 

5.  Determine  the  approximate  weight  of  these  single  and  coupled 
pallets. 

3.0  STUDY  APPROACH  AND  ASSUMPTIONS 

The  following  assumptions  were  used  in  this  study: 

3.1  TYPE  OF  CARGO  MISSIONS 

The  only  information  available  for  the  type  of  mission  the  KC-10A  will  be 
flying  is  defined  by  the  mission  profiles  described  in  the  Statement  of 
Work  Appendix  II.  Although  it  has  been  recommended  that  these  mission 
profiles  be  only  used  for  Life-Cycle  costs,  the  objectives  of  this  study 
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are  to  determine  the  wearability  of  the  powered  rollers.  Therefore,  these 
mission  profiles  are  applicable  for  this  study.  Attachment  I  of  this  study 
contains  these  KC-10A  mission  profiles. 

Three  of  the  ten  mission  profiles  are  defined  as  cargo  carrying  mission: 
Mission  number  2-TAF  DEPLOYMENT/ RE DEPLOYMENT  with  33,756  pounds  ACL  (allow¬ 
able  cabin  load)  available.  Mission  number  3-CARGO  TRAINING  with  76,000 
pounds  ACL  available,  and  Mission  number  5-CONTINGENCY  CARGO  with  171,500 
pounds  of  ACL  available. 

3.2  HUMBER  OF  CARGO  MISSIONS 

USAF  letter  number  YT( 78-1-8)  dated  1  March  1078  indicated  that  the  ATCA 
annual  basic  utilization  rate  was  540  hours  per  aircraft  with  the  potential 
surges  and  contingencies  raising  the  rate  to  1200  hours  per  year  per  air¬ 
craft.  This  letter  is  attached  as  Attachment  2  of  this  study. 

The  540  hour  utilization  rate  is  assummed  to  be  peace  time  and  the  1200 
hour  rate  as  surge  (wartime)  rate. 

The  following  assumption  is  made  -  During  the  20  year  time  span  the  KC-10A 
will  fly  5  years  at  the  surge  rate  (1200  hr/year)  and  15  years  at  the 
peace-time  rate  (540  hr/year). 

Table  1  was  derived  to  show  the  total  number  of  missions  by  profile  over  the 
20  years. 

Results  Indicate  that  213  missions  (flights)  for  profile  No.  2  would  be 
flown  during  the  20  years.  This  was  derived  as  follows: 

Peace  time  — 

81  flights/year  X  10%  flights  are  profile  #2  X  15  years  *  122  flights 
Surge  — 

131  flights/year  X  10%  flights  are  profile  *2  X  5  years  =  91  flights 
Total  flights  =  122  +  91  *  213 
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MISSION  MISSION  PROFILE  FLIGHT  GROUND  PERCENT  CARGO  MISSIONS  TOTAL  PEACE-  TOTAL  SURGE  TOTAL  MISSIONS 

NUMBER  TIME  TIME  FLOWN  ACL  TIME  MISSIONS  MISSIONS  FOR  20  YEARS 


TOTAL  NUMBER  OF  FLIGHTS  OVER  1219  905  2124 

20  YEARS 
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Using  the  same  formula  for  profiles  Mo.  3  and  5,  excent  iislno  1?!,  results  in 
a  total  of  21  flights  each. 

3.3  TYPE  OF  CARGO  CARRIED  BY  MISSION  PROFILE 

Mission  profile  Number  2  is  defined  as  a  TAF  (Tactical  Air  Force)  Deploy¬ 
ment/Redeployment.  This  mission  envoi ves  the  deployment  of  a  fighter/ 
Interceptor  squadron  Including  the  squadron's  support  equipment.  The 
KC-10A  will  refuel  aircraft  as  well  as  carry  cargo.  The  available  ACL  is 
33,756  pounds.  The  F-15  squadron  has  been  selected  for  this  mission  pro¬ 
file. 

Mission  profile  Number  3  is  defined  as  a  Carqo  Tralninq  mission.  This 
mission  is  assumed  to  be  a  normal  channel  carqo  operation  transporting 
oalletized  cargo  from  one  Air  Force  base  to  another.  The  palletized  carqo 
includes  single  and  coupled  pallets.  Available  ACL  is  76,000  pounds. 

Mission  profile  nunber  5  is  defined  as  a  contingency  caroo  mission.  This 
mission  is  assuned  to  be  an  emergency  cargo  mission,  such  as  the  resupply 
of  ammunition.  Available  ACL  is  171,508  pounds. 

3.4  DETERMINE  PALLET  REOUIREMENTS  FOR  THE  THREE  CARGO  MISSION  PROFILES 

This  section  determines  the  ntmber  of  pallets  that  will  be  loaded  aboard 
the  KC-10A  for  each  type  of  mission  profile  during  the  20  years. 

3.4.1  TAF  Deployment/Redeployment  Mission  Profile 

The  F-15  squadron's  support  equipment  consist  of  198  single  items  weighing 
573,367  lbs.  Attachment  3  contains  the  list  of  these  198  items  sorted  by 
MSN  (National  Stock  Nunber). 

An  assumption  was  made  that  all  equipment  would  be  pre-loaded  on  4631. 
pallets  before  loading  into  the  KC-10A. 

Each  item  on  the  list  was  reviewed  to  determine  if  a  sinole  or  double 
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pallet  was  required  for  loading.  './hen  possible  snail  item  were  groined 
together  on  a  single  pallet.  However,  a  connlete  study  to  utilize  all  of 
the  stacking  surface  on  the  nallet  was  not  done.  The  1‘T.  itons  results  in 
requiring  94  sinole  pallets  and  84  coupled  pallets. 

A  number  of  items  which  are  loaded  on  coupled  pallets  arp  too  long  for 
loading  across  the  aircraft  and  must  be  rotated  through  the  cargo  door. 
Figure  1  shows  the  maximum  length  of  cargo,  versus  height,  that  can  be 
loaded  without  rotation.  This  figure  represents  the  maximum  contours  for 
4631  pallets  in  the  KC-10A.  The  six  inch  clearance  rule  was  used  to  de¬ 
termine  if  rotation  was  required. 

Table  II  lists  the  18  items  which  must  be  rotated  through  the  cargo  door. 
The  first  5  items  In  the  table  are  towbars,  which  are  very  long,  but  weloh 
only  415  pounds  each.  These  items  can  be  loaded  manually  rather  than  using 
the  powered  roller  systems. 

For  the  FI 5  squadron  the  total  pallet  requirements  are: 

94  -  SINGLE  PALLETS 
84  -  COUPLED  PALLETS: 

66  -  NO  ROTATION  REOUIRED 
13  -  ROTATION  REQUIRED 
5  -  MANUAL  ROTATION 

These  single  and  coupled  pallets  represent  262  pallet  nosition  for  loadinn 
in  the  KC-10A  (94  +  (84  X  2)  =>  262). 

The  configuration  of  the  KC-10A  during  a  TAF  deployment/redeployment  will 
either  be  the  23  pallet/20  passenger  mixed  configuration  or  the  27  pallet 
all  cargo  configuration.  The  total  number  of  KC-lOA's  required  to  carry 
the  262  pallet  positions  are: 

23  Pallet  System; 

=>  11.4  or  1?  KC-10's 
23 
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MAXIMUM  LENGTH  OF  CARGO  LOADABLE  WITHOUT  ROTATION  (INCHES) 


96  INCH 
STACK  HEIGHT 


2  INCH  CLEARANCE 


6  INCH  CLEARANCE 
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TABLE  II  -  FI  5  SOUAORON 

ITEMS  I  'll  I  CM  REOLTRE  ROTATION  THROUGH  T’lf  FARGO  DOOR 


NO. 

NSW 

NOMENCLATURE 

...  - 

m 

■ 

1! 

VJT 

S009 

1 73O-OO-6A0-ROPO 

TOl.'SAR  A/C 

296 

57 

30 

415 

S931 

1730-00-6*0-8080 

TOWPAR  A/C 

296 

57 

30 

415 

S032 

1 73O-00-640-0OP0 

TOUBAR  A/C 

296 

57 

30 

415 

T016 

1730-00-6*0-3080 

TOWBAR  A/C 

296 

57 

30 

*15 

T197 

1730-00-6*0-0080 

T0U8AR  A/C 

296 

57 

30 

*15 

E3D1 

1740-00-713-5908 

TRL  3000  I//F15  ENG 

216 

60 

89 

*360 

T026 

1740-00-713-5900 

TRL  3000  l.'/Fl  5  ENG 

216 

60 

8" 

4360 

T927 

1740-00-713-5908 

TRL  3000  V!/F1 5  ENG 

216 

60 

89 

4360 

T028 

1740-00-713-5903 

TRL  3000  H/F15  ENG 

216 

60 

8o 

*360 

T029 

1740-00-713-5908 

TRL  3900  W/F15  ENG 

216 

60 

8>o 

*360 

T030 

1740-00-713-5903 

TRL  3000  1I/F15  ENG 

216 

60 

P,o 

4360 

T303 

1740-00-713-5908 

TRL  3000  l-’/O  ENG 

152 

58 

80 

1360 

T0I9 

1740-00-713-5908 

TRL  3000  '.I/O  ENG 

152 

58 

89 

S043 

2330-L0-021-3648 

TANK  DOLLY 

228 

88 

47 

863 

S0*4 

2330-L0-021-3648 

TANK  DOLLY 

228 

88 

47 

863 

■ 

4920-00-438-3812 

M37  THRUST  TRL 

201 

64 

85 

5490 

4920-00-438-3312 

M37  FUEL  TK  TLR 

192 

97 

«6 

5360 

HI 

3990-00-820-9891 

463L  PALLET  TRAIN 

176 

108 

84 

991/1 

DIMENSIONS  IN  INCHES  AND  VIE  WIT  IN  POUNDS 
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27  Pallet  System: 

=  9.7  or  10  KC-10's 
27 


However,  the  limiting  factor  for  carrinq  the  TAF  support  equipment  is  ACL, 

573,367  (lb.)  total  weight  of  items  =  16  9  or  kC-10's 
33,756  lb.  ACL 


To  determine  the  average  number  of  pallets  per  KC-10,  divide  the  total  num¬ 
ber  of  pallets  type  by  the  total  number  of  KC-10's  required  to  carry  the 
equipment. 

Single  Pallets  =  94 

=  5.53  Pallets/KC-10 
17 

Coupled  Pallets  (no  rotation  required) 

&  =  3.88  Pallets/KC-10 
17 

Coupled  Pallets  (rotation  required) 

12-  *  o.76  Pallets/KC-10 
17 

Coupled  Pallets  (manual  rotation) 

«  0.29  Pallets/KC-10 
17 


To  determine  the  total  number  of  pallets  by  loading  configuration  that  will 
be  loaded  during  the  20  year  life  span,  multiply  the  pallets  by  the  total 
number  of  sorties  each  KC-10  will  experience  durina  the  20  years.  The 
total  number  of  sortie/KC-10  is  213  for  the  20  years. 


This  results  In  the  following: 
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TAF  DEPLOYMENT/REDEPLOYMENT  MISSION  PROFILE 

Total  number  of  single  pallets  =  213  X  5.53  =  1178 
Total  number  of  coupled  pallets 

(no  rotation)  =  213  X  3.88  =  826 
Total  number  of  coupled  pallets 

(rotation  required)  =  213  X  0.76  ■  162 
Total  mrniber  of  coupled  pallets 

(manual  rotation)  =  213  X  0.29  ■  62 

3.4.2  Carqo  Tralnlnq  Mission  Profile 

This  mission  Involves  the  accomodation  of  463L  pallets  in  a  normal  carqo 
operation.  The  preloaded  463L  pallets  assigned  to  the  nine  tynes  of 
fighter/interceptor  squadrons  were  used  to  represent  the  463L  pallet  world. 

These  are  442  pallets  listed  in  the  nine  squadrons,  18  of  these  pallets  are 
coupled  pallets  or  4%  of  the  total. 

The  configuration  of  the  KC-10A  for  a  cargo  traininq  mission  is  assumed  to 
be  the  23  pallet  system  (delivery  configuration). 

The  total  nunber  of  coupled  pallets  per  aircraft  is  4T,  of  23  pallets  or  0.92 
coupled  pallets/KC-10.  The  total  number  of  single  pallets  Is  23  X  96?!  = 
21.08  pallets/KC-10. 


The  KC-10  will  fly  21  cargo  training  missions  durinq  its  20  year  life  soon. 
Therefore  the  total  number  of  pallets  loaded  will  be: 

Coupled  Pallets: 

21  X  0.92  =  19  pallets/KC-lOA 

Single  Pallets: 

21  X  21.08  *  444  pallets/KC-lOA 
3.4.3  Contingency  Cargo  Mission  Profile 

This  mission  involves  the  carring  of  ammunition  loaded  on  single  463L 
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pallets. 

The  KC-10A  pallet  configuration  will  be  the  27  pallet  all  cargo  confimjra- 
tion  where  11  oallets  must  be  rotated  00  degrees  for  loading  on  the  left 
side  of  the  aircraft  and  16  nallots  require  no  rotation. 

Total  number  of  pallets  loaded  in  the  21  KC-10's  during  the  20  years  are: 

Single  Pallets  (rotatin'1  <*.»  pii »'<*  !)* 

21  X  11  =  201  pallets/KC-lOA 

S1ngl°  Pallets  (no  rotation): 

21  X  16  =  336  pallets/KC-lOA 


3.4.4  Determine  Approximate  Weight  of  Pallets 
SI MOLE  PALLETS  (NO  ROTATION) 

Figure  2  show  a  distribution  of  4631.  pallet  net  weight  from  a  previous 
Douglas  study.  The  pallet  welahts  range  from  300  pounds  to  0700  nounds 
with  the  average  net  weights  at  4661  pounds.  When  addinq  the  tare  weight 
of  354  pounds  (nets  and  pallet)  to  these  values,  the  average  weioht  is 
5,015  pounds  and  the  minimum  weight  6.54  pounds  and  10,054  pounds  maximum 
weight.  The  weight  distribution  between  1000  and  8500  pounds  is  fairly 
uniform. 

For  test  purposes  for  the  cargo  loading  mockup,  the  weiqhts  selected  for 
a  single  pallet  are  90?  at  5,000  pounds  and  10??  at  10,000  pounds.  These 
values  represent  higher  weiqhts  in  comparison  to  distribution  renresented 
In  Figure  2,  but  simplify  testing  setup.  These  values  will  be  used  for 
single  pallets  where  no  rotation  Is  required. 

SINGLE  PALLETS  (ROTATION  REQUIRED) 

The  single  pallets  selected  are  loaded  with  ammunition.  Douolas  conducted 
a  CRAD  study  In  1975  which  Investigated  Army  armunitlon  resupply  character 
Istlcs.  From  this  study.  It  was  estimated  that  251?  of  the  pallets  would 
weigh  approximately  10,000  pounds  and  the  remaining  75^5000  pounds. 
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MDC  J0213 


COUPLED  PALLETS  (NO  ROTATION) 

Coupled  pallets  are  used  to  accomodate  wheeled  vehicles  and  equipment. 
Reviewing  the  weights  of  the  items,  which  are  not  rotated,  the  weights 
for  10*  of  the  pallets  is  12,000  pounds  (6000  pounds  per  pallet)  and  4000 
pounds  (2000  pounds  per  pallet)  for  the  remaining  90*. 

COUPLED  PALLETS  (ROTATION  REQUIRED) 

Coupled  pallets  which  require  rotation  consist  primarily  of  aircraft  enoines 
on  transportation  trailers.  The  weight  of  these  Items  are  not  evenly  dis¬ 
tributed  on  the  coupled  pallets.  The  weiohts  have  been  estimated  to  be 
6000  pounds  (4000/2000  pounds)  for  80*  of  the  pallets  and  10,000  pounds 
(6000/4000  pounds)  for  20%  of  the  pallets.  These  weights  apply  for 
coupling  on  the  88  or  108  inch  dimension  of  the  pallet. 

3.5  SUMMARY  OF  PALLET  LOADING  REQUIREMENT  FOR  THE  KC-10A  DURING  20  YEARS 

Table  III  list  the  summary  of  pallet  loadings  for  the  three  mission  pro¬ 
files  over  a  20  year  time  span  for  each  KC-10A.  Included  are  the  esti¬ 
mated  weights  for  the  pallets. 


TOTAL  NUMBER  OF  PALLET  LOADING  OVER  A  20  YEAR  SPAN  (ASSUMED  5  YEARS  AT  THE  SURGE  RATE  OF 
1200  FLIGHT  HOURS/YEAR  AND  15  YEARS  AT  THE  PEACE  TIME  RATE  OF  540  FLIGHT  HOURS/YEAR) 


MDC  J8213 


ASSUMES  TAF  DEPLOYMENT  EQUIPMENT  IS  PREPALLETIZED  AND  NOT  LOADED 
ON  A  PALLET  SUBFLOOR. 
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MEMORANDUM  MDC  JR213 

Attachment  1 


TO:  C.  W.  Andrews,  Cl-251 

FROM:  R.  0.  Oangaran,  C1-253 

SUBJECT:  KC-10A  MISSION  PROFILES 

COPIES:  K.  Akamatsu,  Avionics 

F.  6.  Appleby,  Project 
K.  M.  Carpenter,  Electrical 
R.  L.  Clepper,  Structures 
0.  L.  Glbler,  Project 
J.  J.  Heffernan,  Acoustics 
R.  W.  Howard,  Environmental 


G.  W.  Johnson,  Maintainability 
R.  E.  McConnelly,- ARB 
W.  L.  Miles,  Human  Factors 
0.  J.  Mlnnich,  Interiors 
J.  A.  Rlccobono,  Mechanical 

G.  A.  Schlanert,  Project 

H.  F.  Winchester,  Power  Plant 


Attached  Is  a  copy  of  the  ten  basic  KC-10A  mission  profiles  described  in  the 
Statement  of  Work  Appendix  II.  The  revised  mission  profile  number  9R  and 
the  modified  mission  profile  number  9A  are  also  Included.  Mission  profile 
number ,9A  describes  the  hose  and  reel  refueling  method  to  be  used  In  the 
reliability  allocations,  assessments  and  analysis  report. 

These  profiles  describe  operational  characteristics  that  can  be  used  In 
establishing  design  criteria  and  reliability  analysis  requirements.  Timing 
of  some  event*  and  the  amount  of  time  required  to  checkout  and/or  stow  the 
refueling  equipment  were  estimated  based  on  the  best  available  Information 
at  the  time. 

Comments  and/or  corrections  to  these  profiles  are  solicited. 


R.  0.  Dangaran 

KC-10A  Reliability  &  Safety 
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Attachment  i 


WRIGHT-PATTERSON  AIR  FORCE  RASE.  OHIO  43433 


iinv  to 

ATTN 


DEPARTMENT  OF  THE  AIR  FORCE 

MCAOQUARTERS  AIR  FORCE  ACQUISITION  LOGISTICS  DIVISION  IAFLCI  if  ''''' 

WRIGHT-PATTERSON  AIR  FORCE  RASE.  OHIO  45433  ft  4' - 

W  MAP.  1978 


YT  (78-1-8) 


ATCA  Utilization  Rate 


CORRESPONDENT!; 


«  NAVPRO 


cc::thcl  ci-3C4 


Douglas  Aircraft  Company 
Attn:  Mr.  G.  D.  Staffieri 
Mail  Station  Cl-241  (35-33) 
3855  Lakewood  Boulevard 
Long  Beach,  California  90546 

IN  TURN  1 


End.  1  $  lAAiL  ■ 7 i 

"II  A!  J  ,ronK  ?:w  r«p  o;iic« 

"  |  T»  Aiicrj't  Co..  Lon-  Bosch,  Codl. 

j  for:  ;,::.ai  i-dicated 
,  ijrfr.i.vmtian 
j  Q  Action 
j  Q  Repiy  Prior  To 

a/^ELLAND 
By  direction 


1.  Per  your  request  at  the  ATCA  system  review,  8  February  1973, 
the  following  information  is  provided. 


2.  Current  Air  Force  planning  is  for  an  annual  basic  utilization 
rate  of  540  hours  per  aircraft,  plus  surges  and  contingencies 
which  may  raisf  this  race  to  120U  hours  per  year*  Mission  dis¬ 
tribution  snail  la  «u»  ayeuified  in  the  statement  o t  work.  Appen¬ 
dix  II.  This  planned  utilization  rate,  however,  shall* not  effect 
the  specification  requirement  for  a  boom  with  a  structural  life 
of  at  least  30,000  hours  (Ref  ATCA  Specification,  Paragraph 
03-80.01.00).  ° 


T20UAS  E.  BAHAT 
Cep  Prca  lisrfor  Business 
Cep  tor  tdv anced  Iaa3ter/Carg» 
Aircraft 
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